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J3I (3 CL^>lb>- 



.CjljjjI l _5vSL ! il_ > $ J3IJU0 isLiii^jjlS jl ^s^j. ^Sl oili fijujjjj S 

.CjljujI 



•^9j <^> CAD v_sLdi^_>jjlS vJLcl ^LoJU^* 



gj_^jjj vjyLijjl i-SljJ CjljuuI OJljuJ OilaijjLiI ;>ojjuj k_J 19 i3 Ij3> Jjjj LoJ jl ul oLi ,jy iSl eoUlj (^sj Ioj O9J ' 

{.Xjuj Ju3>lqi>- yobtil <JS:j-uj Oj l jiuuLoJ cirtft^ v-Ss,>j oLjjLibEjO 
/sKi& Ij t>JL>b i5l>>l jli9j 3 OAiiLjjjO Ij /Xjuul> J>b Jii3>i ^jVjO Ij Ojl>l ,jjI (Hj-lo <^,»_S\JOgi_**l V_Jl9 u iuuloJ* 

.^9_»Jij tjvjo JLoxl JljuliL Jq^ukxi vjyLpj i-SLoJ _>SLiLuuu 1$ 
iSjLjLijl^ig^- CAM qjUj v-SuO^ <3j Cjl>Laju _/>b <3j ^jyLpjuJsj jl O^LaJLajuI L ulqj ,_s\jO Ij l _5^i2jLz5 oXJg^^DJtjO Cju>Laju Juul_>9* 

,_5\jO OiLftijuul v_SvjUju^ fiJ&jJ ^ySu3\j5 i_Sl0_jjjgj jl oLttJo i_S cLjuuloJ ^j^-I^Jo v_SI_j_j jLcxao uLjuJuLpjO* 
i5l_>j Lpjuuyljl £lqjl vjyljl^ vjyL(jjl "2 1 >i5uLjjli oLLxC o^^ 0 ^ ~1 «-Sl>J sjJ-cI v_Sjbtx> OAs9lg (-SLpJajjtx> ^jylojliqj* 

Jio)i^iLoJ vjvbLij i^Li qjolijj+(luoqJ Jio)i^jbtj i^jljil /sjj iS[& <lijuuu+OjqJajuo ■Sj \S[£ij\j3\ <-J*-uj=\S\ uUj jJ^ 

tjvjLojL^i isLdi pjLujuLMj + i-S j-<j03 j _>jjiju isLfiijlj9l />_>j+CAD i_sLd> pjljuuu+(ISL<juoulo 

1 _Svjo O^LoJLjuuI cujejZ5 3 Jg^zia^o,^^ i^ii .jJsLaj iSjLuUjJiJj v_sl_>j i^sJuuouJ U^jiS (-SLpjjsLs jl jjJ kS^lsu 1 jojuLoJ* 

.jiiijua£i ^jyLojL^ ^L(^juuu15Ljuli i^I_>j qjjb ,pj >9 24juuojLj ojLAii ^LojL^i i^LpjoJLi* 

■ C»-imjl JuuOjLi c Lfj\j fiJjS 30 Oi-juui CU t sw^Jjj g ^^uuLoJ cirtft^ ^^LojLq^* 

.igjii JjJuj _>^ji vJvjO^juul^ ul <^ CjljuuI l ^s*auj > >Si, l _50l^jjlj iSlpjoL/ _>i^l gulj ^^SLiSl^ i_£jqj* 

cu CjljujI OsLftJuo /xfil L ciS ^jOLJLoX L LuuLuul ^jJs ijljJ iqJrs jJ9^aj l jlijli_> ? ! 9 <-Sl cuUj kiiSl^ v jwai<uuuuo j,>o* 

. Jl)9_ui ^jud Joqj_jjO 

^q.zjj <-1j ^^ii* i3l_>j ^_ i^l uL/lj <-ii9l^ 

.OljuuI X cISjuliI Ij i3jli_>j 1 jjiJi5Lc jl l _5 v -Ai'3j 

cUjuubtjO iSjqjtx) ( _5\SI_>^9j09j)CAT(o : iS299jO jl j-uJJ l _5v5l_j5qj09j)PET,(ojLjjJ cL^juLibtjO X cisjjjI ( _5\SI_>^9j09j)CT 
^jvjo o^LajJuul v_5\jo3; iSLfii Oib jl l _5\sJaiLo lo m iSjLuu 0jL|3i v_sl_>j i^*aS| jjgjgLi i_sLpjuLi3j jl (oj_>jj 

ol kjj^ <^ Juijjlj v5l QJjj$ i^Li^ <^ ig-jii ^jo^ljJa \S\ qjq^ qj juL 3 CjljujI tjvSL^IjS v j\ju3\Lc, JjiLouuJ* 

jl 



.OljujI cjjIj jLjuuu i_Sjl>9l jajj i3U>jj£ is\jj (GUI)^^ l jv5L ! il. > $ J^>l9* 



JoLaj uLoji i-S3_>j ( _503_>i5JI cisjiil OjIjuSi L .<o i v_S OjL^i fi-^-ij, jSuujS jgj v-SjIa^Su i_sI_>j 1 _£j3j (jj^sljuuo* 

jjjj lj 1 jjuuLoJ cia-a-io i-Ss^J fi^-uj^j j\j JuoLuuu 3 CRT lj 1 jjjuLoJ i_S c Lflj_jJo ^1 0_jujI 1 jjjuLoJ cirtftj^s vjOLS 



^jyLo^ v_SjJLs jjlS I CRT ,p «_s\J3>hSJI <5.>.o.) \S\j>\ 



Ol CIjJsI OJljuli 0.1 CU ^X)\jJ>-ujS <~S<\2eA*£> j\ OJuuli gisLuLi j(p OJuuO Cl^uul v_Sl_>J /)j\J uloj OJuO ljSLuj3 iSjlSJulo 

.JuuJjJ 



I J.i.o.o 1 _ss|LoJIj9j <_S 



:v5,>jju tio^LftJ 

Loj 

.Cj_ul/I i-S^gjxC 3 k _5va9l Ojg^ <3j _jJLo ^j^ijLuLi vii 1 jjjuLoJ Jj19 JoLnj ^IjlSj ^jSLi jjJ»j3$ Ojg^ cij V- 

Ol^> 3^ jJb L jiujljoJ J-)l9 JoLfiJ ^IjlSj jI, 1 j^jlSJj O^Lul Cjj^> Qj "4- 

.OjjjI (oJljuJ OJujU jgj OJuuJ /xxx»_uji5Lo ^vjOljgj qJaiij j^jja <\io$jjja OJljuJ %60 

Lx>J OJu^ /> fl^jUL9 qj, CRT lS^jJ^ ^*lflJ A 

1024 1280 i-S_)j-ij v.^-»^.aj i-SljIi \l9jcxa0 _jj\JLj vlj-sa^ L ^jyLgjoJLijuu-ijLi 4- 



jJaS s CRT lS 4ajuJ| jJaS^gjii oib vb-«ii ^s-^l jj>-^3 uti^ qj q+jb ^j^*+> i-Slgj^iSJI il-xsi q^^* 

j+2jjo ^ajJuuj b gujl 27 U 12 jl igjJu^jvjO v-aj.>sjj ul i5 qjtift^ JaS J9J0 b o£ ^jSu3\£ l jiuuLoJ cl>6.<o ^jvSujji) -X2j* 

jI 



bi^l CRT jl o^-sl^ Loj 

(jXu^J Jsl?- _jJojjo Jui^ ( _5\jO 3jb>,_)JajjL/ (jj^Vlb jl fc$j-uJ b l _503_)jiSJI v_S c lSLjuj\ r \Sj^Ljjj\j fjjjj^i, /xjL<juu-uj • 

. JuUC^S ( _5\jO 

J5 qj >w>9 ^MJa^l ul qS igjii Oj_s>i j3U ,pj>9 b j3U \J*>j$j />b qj,qla9l> jl i5l q+>b _p jJ9^ • 

,_5\jO JjMJol j^jjjlo qsta^ q+>b 
.CjljujI uijuloj Lbii iSljj <Sjj jJiblo jl i5l qc^jajtjo ^S$b> q^,qJa9l> jl i5l q_i>b:/JJ,>S 

OLuOJ O^JU^ >^ J9J0 ^jLMJUUJlS Jslfij jl ijjl CLC^jOJEjO Oj()j^5 qj Ij /)^juUL>,V_S_)JLjujlj {JjJJSJ fiJ^JjUf-KJJ 

.39_»Jj ( _503_>i5JI qsjiil i_S cUjjjlis qj JulgXi q£ ^jSP i-S q looi ^ : ( t _J r » ) J.i.i.iii.ij 

.^3j ,_s\jO jI5 ^^jjubxi qj»-Q.iO iSb^SLij ^uiliLo q-CgjO-^o iSjLuj 0_>jJ>i \S\jj,jS\j [JjJj9j '• ySj j j3b 

.Jul iSjJuuulj [jXu^J LSLgjQuLtxLA-Mj Ejj»,_pjb> 3 l _5vSjb> utjjjjgJb* 
Jjl9 l jOLuu5Lu i_sbi ulSLo iljiai jl CjljujI OjLc q5 O-jul/I^jI iSjJJM vi|^JLi,jijjLilj vJ>bi 

.(juOjLoJ 

.Cjuuub^jl lSj>£>LI9 vJuuuUU /v jy>9jjJ3 i_S qjtflj^s ^1 ,>Sji i^s^'MS 



( U jo5Lc_>j b)i5i9joX Jobii iljiai qj ,.5^1 JoLiLi iljisii 



.ijb ,,5^^^ jJb J-J^r!^ ^IjJ v^juujJLjuL/i j_b l9 vSL^jwJ iljlSJJ qj /xfii 3 CRT 

.J~u9^> l>» Ij >9b /xjjS j^,J^jo5L>j. jj L^L>j ^lji£j:(l{juu iBltftjO iljLSJj)j3b ^Jk>U v_9J0X 

.igjJJ l ju5 (_9\Uol vjvs^s^ ^Jibio jl 9SJI ^ qj-JjuaSLvj _>j Cjjj vi/ b,_)Sb /xj^ kilijvjU \jixaj 

.igjJJ ^jMisI qjlfjJ^> iSlpSLij jl 9$JI qj-JjuaSLo jj Ojj vi/ jl o«JUJ b,jSb jojjS ujSjJ yjjjJiU 

CjjJjS^jO jl Jui vi/ qjjt^s vii jl Jui 3^ l _5V95LuL/9j_>i^uL/l ji).i3j ( _5\j0 jl^ qj l _5V95LuL/9j_)JLjuLi I 5jJj\5 i_Slj_» \lb ,Jjjj3} 

/xj_>9 Jjuo i5_>Sbi vJ>b^juLi3j jl llgjo^o L>l( .Jul l jiuu lou qj Oij "^Suixjuuc* U3Ju 3 i_>3buuo Ojgj^s qj Jub fi^lkSr. jjb 

(jjjuLoj tsj-jii i-sljj vj03_>iSJI qajuLil: l j>ftSl vJumaSjj 



>J9-£u 



•^Liius^sLaj.igjii /Xjuuj JuL jj&£u o£ ^^jJj^j^o Oulj^fil j^jJjlo cirtfljzs jl ^jy LpJjxjjoS <3j JaaS l _5\J9_>iSJI cia^iil ^ 

.OljujI l _5^9iLzjj vjiuu^ vJvLp: c I->-jju-' v-SLg.fi> L^j-juui jl cu^joJ kii 1 _5\joJL9 /iLulij ^ 

.ijb tj\S[jLJuuu LpJa> ^LxgJ q^^^^Lai vjiuug^ l £juIoJ q^ta^s <~5Li lA>>Sj ^ 

jl l _5\SL?r9$ v_S CLCgjOJtX) ^jiuuloJ _/oISul£> I jJ,i9jJLi l _5\jO _>Ojju9 OJuuLi ajs>$-iuj <JLlcL ^^vJLi* ,Jjjj3j ^ 

.i9jJ0 l _SvjO 

/>Lj cda9l> jl 1 _5\Juxjuia9 Ja> /vjjju_>j iSLfilj^ijuLii jl i_Sl clc^jOJejO Ojt^ <3j jj.^ii ^sujsii LgjoJLuuLi^uLi ,jjI ^ 
.^9_»i k _su3 (jjuuLoj lS qjolijj L jb>) JjL9,(j*»>9j ijjuuLoj Jj19,(jjuuIoj vJuwj>^9 

OJljuu ( _5\j>I_)Jo iSjLaao 9 ,_5\juu-LLgjO i_sLp^>_>Jo Jio, Joj> fiuj-ujjj iSLfi>.i_)jjL^ v_Sl_>j ^^ilzjj ^^9^ <-SLfi> /OuLmju-iuj ^ 

.JuLfi)^ L £uuloJ lj cuLil_>$ CL9I9 iSOJuul/ Oij cuLjli (_SLfi)CUSi^5 Jjjl(p l _5\joJ ,jjl_>jLj.JLil 
.JJjb i5_>j\JIj iS^j-Xj. <-ii£&J iS 
i_sLpJa>,Jui$ ^jvjO JLii lj Ja> >sjujijO Lfr.iiijL.juuo CRT i_S cisjiil Og^r (i5jb_>j 1 j^LoJ)LpjoJljijulhu-' i>(' ^ 

. Jl/9jjli 1 _5\jO JlJ^j i3_>Jjl9jixdl 

_/XjuUj CU-uULjuUL^ JoLftj jl iSl CLC^jOJEjO Oj^jZS ,_5\j0 JyJgj JuLiLo <^J r i LpJa>,_jjLjjLilj /i^ljuuu-uli Ij cUjuuLsLo ^ 

OJljul) Oij jl <JjLClj,_)JLjuL)lj v^L^jOJljijULvjijli Ja> iS[$julj\S i^x^J 3 >AjiljJ kjllaail S 

■ JLul kSjbjJ v5 IgJOuuuUUyuJ 

j^v^jj CRT lSL^-mjuLoJ <iscA«o 

.JJ5>.i l _5\jO l jjuyLoJ Juij^ l _5\j0 _jjtiuuuO l _5\J3LftjuO iSLdSjgj V&^sl-kjjS jl O^IoJLjuijI Lj Ij vjviij • 

iSLj^SLij L (_Slj3l_)Ajua9 jl vjyLfil CU^J L l jajyLoJ i_S <\2cSu£> O^JijI , vjviij ^J.sl^aj l >jjuLoJ iSl^jilj jl kii • 
ijli ( _5vSLljuuu _>fljja9 iSLdl cu\J Ij ( _503_>i5JI iSISjuuI S^aj Ij igjJLi^jvjO _jjuuuuuO 1^ l _5\iij.CjLjuL)l i.o.h.-igxi 

.CjljujI ojljJj Jjijiu j-sjuj+ jJi^S <=u\J si jl ]astS > 
.CjuuuI <-5Lij JlJ^j i_S v-Sl CLuj^l ijj^Sj ^ 
.JiiSujO JuJgJ Ij lS^JlSsjo i^Lj^ljj > 



4jLuj v.SLmjLo \JiJ$J • 

.i3 J( _5U3 jL$ Ij ( l _5\SLij i^LpjgjjjgJj JjoLiij)_>ijjLilj ^L^joJ^uju-juj \l3xxa0 ^ 
,,5^ JlJ^j Ij Lp^jj jl (.svSj-julis jL-juuu k^jJo,cisLAij| ig^j tjliSj L 'l^uuuLfijO ^ 

(RGB) v jyl+>o > 9+> V uj > 

•^9 J <~S^ vj^jj CRT ^L^jOJljjULvaaJ \J9jO^O, Ui-Ui l3 CbLjL) kijuuLo ^ 

^Ijuuol Lpjl L _>JbLuuo ,^1 9 jj^jjLi,jjO_>9 vjviij JoLftj jjj 9 l _509_>i5JI i^SuLftj cUjj _>^l ^ 

.Juug^,,^ l _sJa> Ij >395 l jiuuljl,Jij i >j^J jl^S ^jJiS\ Jo3- 




L <-Slfi> CRT \)$£>szo 3 Ouuul OiLuu, v j03_>i5JI v-SL^Sul&j ^jJai* ^^uuljl /xJojj ^ 

<^lji1iI cljuu ojljuu t_sl_fis_>l_>j .jj^sj L ol^ijjo lj ^Luli <^LjjliLo t_sL^i CRT <Sj>j oIjj^sj ^ 

^3! CjljujJj l _503_>ji5J I 
_jj^juLi+ l _5v I = i_Sl 0j3_>j5 l _5yl+^_jjju = l _5y L>_j_>jli jj0_>9 + j-^juLi = ijj ^ 

lj jjg-^aj CjuJi^, L- 503JjJ3Jb iSJjjjIjuo 3 RF i_S Jj-XaJ JfljuugJ jj&gj oLcMJol v-Ssj _>j ^jv^LoI iSLpjjliLjuLii ,jjI 

.JJjljJ Jjj^i. iJSJJ-ijljuo <3j iJSjLi Jul vjOgjjjgJj iJSld> <^CgjOJEjO jl l _5v^Li9l,v r *£jJO (jJuuLoJ OlstlLg 
. Juuob k _s^o (_$sAdl3 vS^J J fiJUJJJUJJ L «_$s^Ll j />Loj /SuuuUUuuJ, JjjuiSljj _>J CjjJ 24 L RGB i_5viij /aJijuJU-juj 

jgj cu lj l _5\Su_)JiSJ I i-Sj>il ^ JuuLjjjl£i (_5yl.fi> ol5jLjuLii:(Lfiij5Ljuji3u) l _5\ju^ ^L^juuuLoJ ^ N l c o (jjuuIoj o I.>.b..^> 

v_Sl_b_>3j_> 3 <^jb />J^, l jjuuLjj09J3_>i5JI obtfl J z5,LxjuLi\lj obtftjzs Jjuo.Juui^ ^jvjO JjJuj 

gjlo JLuuuuj^ 0l5.».i,»,O Jio.JuJ^^jus JjJuj l _5^SL ! il_>$ iJSLfiigUl qj,i3j9j oljJl jl Oilfl^juul 

,jjI ji-3.cjLJUL/l ol Oigj <JZj l jiuu9jx jl vjvii -2. jjg-vii^jus ojl>joU jl^ cuiitJ LsLp_*iuLxj-l:Louujlb olaaLg 

cu>Luj CjLjjjLpjl jl vjvii \lgjasx> jjJ OoiJ j\£ Ifiijl^ jl l _sJo3JLs_o L v_Sl <3.jujl<-»Jl> Jjj3 3^ v_sLa9 ubcid 
/yj^^.^ O^LoJLajliI ol <w>3LuuO i_S qjLnijjy^i^J I v-Slg-juJSj jl _ 5 JJjb \IL <Sjj\> ^iiSL^-4.JJ3juj l _j\jo 

j.6_..n.9 i_Sl v3j3 3^ >-SL<aS "2juuljuui£> Io^jul/\Lj ula^i cyLiuo -1 l£)U < pJL3,(jj0uLyu05J3jJk2JI ubdl^ 

.-u5 l jv J o Jjox La CRT ^jJo> uiuug^ v-SjLuu uiijij qjLjOjuo:(LED)jsJ v>uc»y ijji 

jlSu vLj^* - CH-^^ 3 v-SVfp'jSj <-SLi uUj JuLiLo ^jvi^rgS iJSI^joJljuulvjjli ji"l:(LCD) gjLo JLuuOJj^ kSL^_uJU|LoJ 
jib j$ k _s^S2j) JLsz9 l/jojjjLo 3 J.c.6...o ^jjuu^Lo -3. Juj5 ^jvjO oLoJLjuliI OJLuJ ^^jjjS <£j gjLo ULljuULIj^ ^-jljlS^j j|-2 ^3j 

. Jug-juLi^,^ /Xj-jujLgj ( Viffi^ 1 _5\j0 jl_>9 jgjLjuuu jj l_jj JjuoSLu 

yOuL-iuJLj-JuJ ■ ^3 **^ J 0 

(jjulSLsl^o /XjJguJ JjL9 9 jjJLi CiLuj^j i_sl cUjI jl CRT jJ3^aJ :v5JLAi «L»*i JUO v5L^L^juuj^ 

^_5^ „>J3^ij Q-> lj (25*25*25) ij>AsLi Ojuu />Luo>I -1 = Genisco Space Graph 

Loj L /xjuul> jl iJjJisj 3^ gJaiLo ^JfljuLi iJ>LpjJLi_>j -2 

jJsj (_jvjo jl^ qj v5jL^il9ll>9 ij>Li oib JJbtj iJ>Ijj vj^SLAiij^ ij>Lajjjl^ .p -3 
ij>jHj qJjJj 3 v j\_juliLjuj oKjo vj>Lii oib JJbtJ isljj v jvjjuLjoj o^j <-sLaijj_,lS -1 = CRT jiuu&i iJ>Lii oHijuui 

v-JLa _/oLajjl>I ( _5^>I_jJo vj3Ld>i_>jjl^ -2 

l jjjOj 3 LpJ3SJ3jo _>jJaj LgjoJLjuiju-ijLi jl iSjsj clajj iSlgjjLjLi c Lfjf-uJ j^~3 

.Ouuul /^juo> jl Loj %LuOrjJ iSLfiUui ^^uuLoJ,^^^ cLaju />Lajo>I ^^uuLoJ v_SI_>j _>SLii o^Sj 

Loj 

.CjljujI 

.CjljuuI kSjlSSA OyiAdl9 ^L^jOJJuULuulI l-SljJ>l jl k _>Su,LoJ tua^jj Ju3 O 



lSjjuujIj <jXu$J v5l£> olSuLuO 

JuulSljjO O^LoJLjuliI _jSLuJjl.i_U. A>lg JJ^> jl (_S\_wU*S fi&jJ V-S_jjL<jLilj kii9l_>^ l5Lgj0uLiua.».juJ ■ 

0\>rh3 ^ L»-j-u ) Li) QJJ'J^ tj /xiSi + fc mjjLoj J_jjiA$) l _5ygj Jug _>£jjjijS+v_Sj^)jO ^ijjjjli^ -X>lg ■ 
igj ^.5^0 <3j l jiuuLoJ oLSLi_uj3 oLJLxC J_>xa$ v_SI_>j-2cjljjliI Oj^JbuuO v-2u vJ>_pLujjli^-l 1,^0^3^ _pJ_>iji^ 

1 jjuuLoJ i_S O-Ujli^i />J5> = ( _5\SLi9l^ _>5J_)jui$ = l jjuuljoJ _>SLuJjl.i_> r / 

qJa9l> jj ogUc.Cj^jujI tjvSyiljS ijsLajl^ yobtjl jl CPU ij3jl^iljl: v jMuyLoJ >5LuJjbjj jl OjlS 

.i_>j jl5L) jgJfljuo ,jj I v_Sl_>j ulgjLijo lj i_Sl cuI$Ia> l jiuuloJ _>SLuL/jli^ 
LgJLuaSLj i_Sljj OJLul _jjiliLo jl v_Sl cLCgjoJtjO Oj i-Si^jl^ i_Sl cusb_jj OJljuj Oib jJ.^sii O^jZ i_5<jo3/.\jiAi<fr) JjJuj 

.Cj_jjliI jSL iSjLuJ 0_>jJ>i> Cjl0_> 

gJolgjO L ^LuuO,^JLmJUiaa£ Jolflj jl i_Sl CLCgjOJtX) <3j, 1 _5\jjliJul£5 i_sL_jujI j^J-i 3 -ka> CU Jooj_jjO l _5\SLi9l_>$ iSLiijgJLjuLii 

IvSl jJ o«JuloJ l5L£)j> mJjI^jJ 

(...gJuJxo /u _>j> q -l a ^j/i>+ ;: ? Ja>)Ja> <-SLgi«_jjiJ ^lipl -^9^ ^~ 

Lou ; 

cuct^s kii i_sL_jujI <-Sg,>J oMj JuJ JLoxl 

Jjuo ^s^IijS pSby. k5^9^3 ijjLg^iKijuLii L )_sJLoL9 Ojo^s cu <^ jjI ojuuj 1 j\j>I_ ) Jo i_sl cuo^ <\j l jiyLoJ vjsl^SLujjb^ 

iJS^JlC i_sL^>gj jl i5l q^oja^Ejo Ojo^s qj vjiujoj. Ja> j£> \SjLuj Ojj>i) (j*»>* J5J9 \Sj\xSxS iJsLgjiigj 

iIJlQjO JJlgjujO ^gj 3JlC (jjjLjuuJsJ CjljuuI 

( 1 _yJLJaji mfi ^jv^lgj jl i_Sl cLCgjCOto 

J^b jIjl5jl5 vuuIaa 

.CjljuliI jJSljuuuo _jjLjuLilj l j^jli^, l jjuy LoJ _>5J_jjui$ iJ>I_>j+JijIj ^jvjO l jjuuljSl iSjLuLi 0_>j3-i oLogjJLo J9J0 l jjULfiil$ L _ 2 

j-^ i_5V<P? cu ,>5tju0 JljuliL OJljuj Jjijuuu A>lg iSLgiij L JuJj iSLgjii^ jl _>jg .iO'i J S\ rl Jjjj r ! J9J0 i5jlA$J^ u^gj ji* 

iJsjLuL/ Ojjj»i vJ>La9 

.CxjuulJ jbjO>_>j ojjo^iI jl cilji^lj pjj3 ij> ojljijl,cdasL> vjsLa cujj^i iLj j^L^ JJi qj* 

vJvjO j\j3 O^Lo^jujI 3j9jo kSjJ^OJ OlclLbl JLojuI g lSjLimI OjjC>-i lSjIaSjiS iJSL^jujgj* 

jl gjlgj Oij5 ijlg vJ>ljj)L3i Oo5i <\jkS>,{^Sb^ jJiliLo Oij5 ijlg vJaljj)!^^),!^ OJJti^ (j^oJj^iSjS v5 L^fl) LSuuuU i 
iJ5g^,oL>_jj> iJjg^,^^^^) ^L^jOuLmju_>jj g t-Sjjg ■<o'i vJ>Ld5_>i5LuLil, l _5\jjijjoJ oLa--6..r>,LSl Oili ^Lp_>JaSuLJuj^,(ojLjuj l j r iA 2 J lA^s! 
Pjou£> ( _5vSLi9l_ > $ i^LpjOuLmjl»->jj _)Ji^l 1$ -VjuLjuul^ qJgl i-Sigjg iJjLg^Kijjji 1 j1ioj3+Jl>JL^ c>j>q.^ qjLjuji g (^LoS 

.JJgj l _s^o0 jLS 0 jgJftjuO 

i_Sl_>j ulgj ^_jvjO l jjjgjoZ j|-2Cj^juL/l L3>_>jjoljlj ,>SL/i g Lgjljgi,^.^!^^ g^slgjo vL^jl *-SljJ <-Siljl »-S c l>ji 6 iSljb -Ii^jjJ^joZ 
J^!^ jl vjyLoj 1^.9^+ CAD + iSjbto Ojjj9lg-3.i^ OiLdijujI iJjJiSL/ 3 i_S qjct^s i^SLi i-SLa9 Jui (-SLljuuIj g Ojjj9gj0 

(■JuuLauA jjj{iJ5Jiajgi uL>_p> iSg^},^ Lfl9 i_Sg^ v_Sl_>j Lfiii_jjjl5 ^1 :qj>o^).JuuLjuULdi ul vJ>Ldii_jjjl5 



JjJuj l jjuuLoJ CL>6.<o v_sLoJ ulio <Sy> <3j OJljuli JLoxl jLuul9 Cjug_> 3 OJljuli v-S,>j>-? Ojl Jul Lfl Jj OuuJ (joJUJ <J3 ciJLjj-iS 

.CjljuliI i_Sl 0_jjli Oj9^ eg l _5\Jj_>5Lfi>lj JlUI? 8 ^Ijli-.igjJOjjO 

_jjiLftjO Oi_>$ ijlg (J3I_jj-2.CjljuliI g^slqjO 1 _5^juuu^ P^jJ v^^jl Lf vJv-jiiLftj,/XjuL)j i_Sl_jj J3I JuuO (_5\jS)LSLLj^3-1;OJLa*S (J>jDl9 j 
Oib CjJLj) ( _5vSLi9|_>$ cJLj,Lqj OJuuil? vJMvSj £^ I3J I jl ( _5vSL/-3i3j vjNO j!5 eg l-SJ-SZj cUju L iSJlRj q^> (J>Lfl9 ki) oLaiito 
OuiS9()jO <Jjjj2J i_Sl_>J (^jOq^ L)vJ>.juLuli9_?I vJsLgjJLj ji-4CjLjuLll Ol Q lo »»> AH"- 1 jl ijvl.'lo'' »"Q V-Sl ClSLnii/ CjljuliI(lS| 

^j^o a^l.Q.'LujI ^.509^ ^I^joI jl />JL9 

,_5\jO O^Lttji-jujI L Ss^uJoLgjQq jjSJl Ll l sOq^ JLgjjj , pug > jl oLali>UO gJolqjO lo».lo t-Sl )J,L-S J-SLl CLjuu vJsLfiJ OJuuil? ^JvjoSj 



.i>_>l? 0 ul>S t sOo^ Li t sv^Li )jiSJI f iJj (JjLpjuLigj i_S ciL-ijug eg oIqjluo lj (j^juuuoj lSLs> iSigjg 
. J-uS ^.5^ OiLdijuLil(LED)jjO_>9 OgiLo jqj l jjoitj iSLfiJigji jl i-SjItp jl v-SjQj vJNjjuloJ oL>6.<o 

Loj 

(juuliLj oLjuj _jJaj ijQjo (J3 q Ioq'i l _5\jLaj).i9jjLi 
lJ^ljuuu lA^Lou JjL9 LpJa> Li JsLoJ :>ljLgj-2q|o6i (J3 Ojljj|-lcu ^yj>3j^> oLiujuLii kjxi jl j_LoL> jJsL^ii Ojuftjkl?- 

br«0 b> jsL=kjo -tsLoJ L Ol (J^jLuJ^j j0lO> j^idjuo eg lj aJajjj g^blgjo^U CajlAaS Li LS^^Ur^l^jcxii) iSL&g-Dl i_sIj_j- 

.JuuS 




(.JJgjjLi ,_5\jO jlgjjD ^>-> b ^I^ijujl,0_>j>->jj,jl9j v-Ss_>j vJV^¥ l -9s>- > ) 
.ijb l _5\lljLjuaj vJsl Qjjj£> j-5uL?r vIjujOaI? eg cu9j jll? co (JjLpjjgjjj ^IjlSZj 
.i_>l? JuJ^J ^JjejO vjN-5Lij ij;Ld> l _50r3_)3- Ol9J l juj iJjI ^J^-io iSLdi ^1\jL-> jl ,,5^^1511 tj^SLi j \S[fj£*Jj jl O^LoXjujI Li 
vJ>Lp^3j+ l _5>ijjLjujl3_>j^JI ^L^^3j+ 1 ^Ljia9I >fii9-> ^L^juJSj+iJjjjjJ iJjjsLs jklgjoLujj 3 lSI QJjiO >aC ,>ijLsr 

.Jiil? ^JVjO O^LfijLjuLiI ^gL^ii JlJ<P i_Sl_>J JLo_jJ3_>il5JI 

. juuiii ^_j%jo jl^s cuIi?Ijl> L5qJL> )-o cujj lj(ijj, l jvL>_)jjLi,ij;l 0j3_>j5)cuLo i^SLij cljuli m ss^jjLjjjjjjgjj^Jj g i-SiuJ vj;LdiLS[jujuji 

Loj 

.iQjjJ^JVjO OJlijO b kSjJLuJUO Jm5 l^l lj ^^jil^ iJ>i_>jjL^ iJ> cUjU^j <Sj <&>ujj ciS v_sl euLlj* 

c6JU ^JuuUU JLfijul Lpjj Oj Ju9_ j 0j,_Svj0 JjoLli Ij ^jvjL&jQJLjuli^ vJLcl/«J>2uy9l>S v5jl>9l )OjJ v5L& qjuuuu* 

. J_u2)3 k _svo jl_>9 >sib >"i>'i jjJ lj JLaJ^J vJSL&jQjljuj^ 



<J$*0 3 \SjS\j£ + \JjJ3 JjoLJu oS Jj3>^> ,_5\j0 

.OljuuI JjoLjj lj/>ib>- (i5j^ > /b)JjEjo, L >j 



WWW.ASKARZADEHuR 



HTTP 



■ O-juliL^QjuO jl »_S I CLCgjOJtjO JjoLuu 

uLj ki) Juulgj ,_5\j0 q5 JuiS ,_5\j0 /xiil^ ^.s^ljil^ gjlgj jl v_sl qj btj bS '. y£J»£AG yJuuJJ^j qjolijJ iSlo) cUjuOU-2 

jl lsI o-.g.oj GL,OPEN GL,VRML,JAVA 2D,JAVA 3D.jj^ jl^s o^La^^l i j9J oC,C++,JAVA Jio ^uuugj «ldU>j 

.juu^ ^(CG API)^sl 

g Lpjljs^ Jbxcl+q i_sbiJiji i_jbtiil+iiij _>jiLfljO Gib j\j9+(...$\jb 0_j5,L^Jo> OjL^gjZjj i_Sl& qiJgjo ,j_«_^:cL>gj 

.igjjj tjus Oib jl^S i£>C£j & OJ\su\jS *Sj cAIiJlJ _>Sji 

L oL>ji Jjuo i5il_>Ajl isLji'l v-sLpijuL/: jiLo oLaiitjo yOuLJUULi_JUJ OuljuJuljuJ 

\JujSii E l j^ji/ i_Sljj lSI cOLSIJL?- ol^aiitjO />JLijuu-ijl) /^jlg-i ^j^o Ij oLoJLuO 

JOuljlaJuljuJ 

iJ^Jjio jl UJuuu O^li (jijuLxxi i-Sl>/ i_50lg-> ol^aiito /xxjijuu-uj i-S^-juj U_)_iuj iJLi^gj ', i£vjL&J JUi 4j^J JsiS^ (jj^^li^ 

* K:.., s 

3jb j\j3 IUOIIU-IlS OJuob Oj qj^ju ct^uitjo jljiiLoi^S^Ai O^aJLojJ uLu.'M fijUJjUUJii 

Ij9l qS 

.Juuob ,_5\j0 ^ssSukdl^J \S^>$^ <3lALuuO Ij jjgLaj t5 OJuufiii Jjijiu iSLus ^Lc* 
^^jO ki; JjoLjuLi i-Sigjg i3bi oKijjL/i jl i3iJiaio £lgjl jl vJ^juuuL^ /)^>.>j kitSl^ v^bii^jjl^* 




ISO,ANSI :Jio vjvSyil^ ijljjL^I ^L^LojLj 

:i5,lj9l ^o^j tSLiiijljjLjuul 



GKSLSJLai9^ 
GKS^JLsti °Ujj 
PHIGS 
PHIGS+ 

SGI 
OPEN GL 



j^j j_3 i^So j ^ ^-^ nifl -2 




Ojjp s N,C,C++: open GL ^l^l Jjte iSl$jU> 

iSjLuuJjuo oLj.igjjj oib <*S \s\ cu=e^3 i^ju^gj isl^j \jS ^svjJj isL^juJsj iSsL->: Open Invertor 

jl Open Invertorjl i3l <^^>jo ^ (VRML^jbtjo o^ls 



LuoSLo jl:Renderman Interface 

.o_ujl ij^j>? ajjuI c iJoi^ j& J9I ^-9>> s ojljJj £s>Aii gljjgjitu L: Open GL «obuUS 8 J 's j 

g |clear gIPolvqonMode 




glu,glx,agl,wgl,pgl,glut jj^uuu,. L Ja+j^ cub*jLS 




IBM0S/2lsLw J— 



<^jjJ k_93_)^> Oj(^Z5 <3j OuU /Xjuli|-0_)jJ Ja>-0JLJUL) ^3_hulI GLjJ$_»jjLiJ UiiJjoLoJ OuU 



GL-2D GL-RGB GL-CCW 



GL-POLYGON 



GL-AMBIENT-AND-DIFFUSE 



J ^ 




ki^r^ "-^S^* - ^-OJK 3 cuoj -OJuuLi £.Sj-d> GLjJg^Juuj L IlSI Oili £,1^1 



GLbyte 



GLfloat 




GLboolean 



#include <GL/gl.h> lyA^Lij JjIs 

glutlnt(&argc,argv) : glut ^ o^b qJsl jlAiLo ^I^j • 

g I utCreateWindow("an example") :ol^£ jl^^l^ • 

glutDisplayFunc (linesegment) : oiuyLoj ^ q^l,. ks\$l>jo o±j$ l yait^ijuo i^l.^ • 

glutMainLoop() 

gluIntWindowPosition ■ oy*^ ^ss^ • 

gluIntWindowSize : 0_>5fcjj Ojljjl 1 >aa2J <-Sl.>J • 

glutInitDisplayMode(GLUT-SINGLE I GLUT-RGB) lsL^Jjuo v L^jI 9 ^SjLw^L . ^sl^j • 

glClearColor(1.0 9 1.0 9 1.09l.O) Loj 



.Jul ( _5\jo o_jul/-ij iSjj^tjjS L> c i5tjju jljuL/L (jjj vjwb jl-i-sLo— R— G— B 

glClear ( GL-COLOR-BUFFER-BIT) uiuloJ ^Ijj • 

gluOrtho2D :oLaii»jo &>>o v9^?j^? ^ u^yL°j • 

3 OJljuJ vjJL> L^ijSlj i_S Qj$J£> Q$ igjjj ^jus vj^iszj ijLjj ,_5\j0 vJ3jL>I Ij OpenGLgjIgJ v-Sl_p»l • 

glflushO I openGLgjIgj 
glVertex*() 
(gIVertexPointer 



jxPointerP, 



cu9j oLaiitx> 



. v_ — ■ ^ ■ 



glEnableClientState(GL-VERTEX-ARRAY) :u^lj-«^ljT oJL> ^jL* Jlas lsIjj 

glDrawElements(GL-QUADS,24,GL-UNSIGNED-BYTE,VERT INDEX) :cu=^ j^loj 

1 U juuJuI iSl^j Oili £gj 

Vertlndex \ ... ji» ^\ 



l _5\sJLio 4 i_Sl cusj 



glBitmap(9,10,0.0,0.020.0,15.0,bitshape) 




LS9SJI • 



glRasterPos* 



Ij jB\j jojjS vJ>ljj iSAfiJ «L*jU L \SXSJ $i k _yJLsa9 OasS^jO • 



.CUJEjZS l_2_y£>Cp £^.5^^ l_Sl_>J X,Y,Z_>jiLQjO />uOJ_j$ljO 3 



.OljuuI (^jUaS S^oqjo _/oLu)oJljuli g^iogjo i>j>>' j' i_5^j-jjj3I <->y$>£> ^ ct^uito S^oqjo : ^yuuuu oLaaSuo 

^^LoQ A2j 1 _5\jLjliL_juli -1 i_Slj_» JJ^juuu iSLdiJi^.CjLjjLiI jLi ijQjO JJ^juuu v_Sld>-\5 c lSuul vj^iai OjIljul/ Cjuo\J-C:^JslOJ gjU 







) 




glBegin(GL-POINTS); 






glVertex*(); 






glEnd(); 











glBegin(GL-LINES), 

glVertex2iv(pl); 

glVertex2iv(p2); 

glVertex2iv(p3); 

glVertex2iv(p4); 

glVertex2iv(p5); 

glEndQ; 





(3 



glBegin(GL-LINE-STRIP), 

glVertex2iv(pl); 

glVertex2iv(p2); 

glVertex2iv(p3); 

glVertex2iv(p4); 

glVertex2iv(p5); 

qlEndO; 



(3 




glBegin(GL-LINE-LOOP), 

glVertex2iv(pl); 

glVertex2iv(p2); 

glVertex2iv(p3); 

glVertex2iv(p4); 

glVertex2iv(p5); 

qlEndO; 



:Ja> gjU 



ciS.Cj^jul/I OJljuj Lu 5Yli 5X cLsjuLibto _>j 1$ CjljjjI l _5\jJuy q^j-Jj Jjj Ja> /aJj )o5JI M s\jO>9 ) , Luuuul yfij^ tSLJbtj iDDA/UJj^JJI 

■ CjljuuI LpJLjuUL^LiJ Qu^juJ 



0 <m<l 



5x=l y k +i=yk+m 



m>l 5y=l x k+i=Xk+- - 

0< m<l\S\_fj pl&jjj be? />jjj^J\ 

p 0 =2A -A (1 
Pk+i=Pk+2A < — ( x k+ i, y k )=^j&j<*ksu<* — If p 0 <0 (2 
Pk+i=Pk+2A -2A a — ( x k+ i, y k+1 )=^j^<^su <* — If p 0 >=0 (3 

jl_>Su jL A — 1 v-S Ojljjl Oj Ij cLjuU Li 2 iS <^l>jja (4 



;l fi^ja 95 JLuO 

(Xo,Y 0 )=(0,r) (1 
P 0 = = i - (2 

Pk+l=Pk+2x k+ i+l <* ( X k+ i, y k )=^J&j<*ksu* — If p 0 <0 (3 

Pk+i=Pk+2Xk + i+l-2y k+ i < — ( x k+ i, Yk+i)=^s^ c ^ < — If p 0 >=0 (4 

.fiujS l jv J o jl j5j x>y )oy>i) b Ij 4 L 3 J>l y> (5 



fi^-a 104 (_/D Jlio 

P 1 o=r y 2 -r x 2 r y +- 

.igjJu^^o jl_>ii /jJjj^UI y=0 L >J ii Li* 
jl OiLoijjL/l-3/xjj^ OiLflJLjjL/l vjyJaS oLaiito jl 0_>jb j_>jo v-Ssj JoLoj i_S cujjjbto i_sl_>j-2.}_)5 Ij X,y i_sl>-l 

l _5\jL J 0 i_S cUaiLi Li fiVyjjjJ /xiJj^SJI 
.OljuliI />Lgjj_)j 0_>jli /sJLi j^SJ I = L«-o c Uaiij o^Sj OJuuO -*j-I<P vjvJLuoSLij ;^olctjO,r*ij>Je-^> p Lg^li Li v_Sl 0_>jli v-Sl.>J* 
.JuuLjuul^ ,jj_jjJuoljL$ Lpjiigj v_S c UflJ jl />Ju_>SJI gi ,jjI & _/oLpjj_>j Ja> />Jijj9SJI= l _5\jL j0 c lJaijj u^Sj / 
JjjoSLu 3^ ^j-o (JSfl- i > <~^aj= l _5\jlj j0 c lJaijj OgjOjl L K _s^°9^*-° S^O" >^ J9J0 l _5\JLuoSL<j g^blgjo ^^Lo^ 0 <-SLka>* 

AX 2 +BY 2 +CXY+DX+EY+F=0 



X=x c +r x cos 



y=y c +r y sin 



If r x >r y r= r x & If r x <r y r= r y ^ 

vJLij setpixel o^sj ^ 



y=f(x) jl iqj l>m ^1 s X=f 1 (y) jl iqj m>l.>fl,qlz3l&JI iSsLajlLo g^lqjo OijgT OljujJu iSI,>j ❖ 



AX 2 +BY 2 +CXY+DX+EY+F=0 cJilao ^ 



< 0 
B 2 -4AC = 

> 0 



. Ju I J.i-p.o i_sl ciijuafil L l _5\jujJoljiioq_)J^I, l _5^j^ 

/xjuli ) g t svjLojLiqj. iSlft m-juuuo i ^xxsij f /oLujc>\ , jSLuO L s\j>l Jo Jj^o vjvSLiSl^ i-Sld>.}_>jjL} jl v-SjLxjuJ la) iSl 3JLo J> JL»J>r* 

. jJJu-Qjo i_S I o^b JoLoJ jl c U_mjuuolS i^sl cLc^ojtjo v-Sljj )bojoJ 

LoJ -2ju^ 

j^p £qlo ui^jlgjo jJi^l ji.Juuob,,^ OJLmJjJ ^JsuuU U ^ £tlcijuJ.JLjijjlj 6-1-juJ >_5V9^JI b b 03-lgJiSL/ viij L ( _50tJajju* 

1 j\jO jib Oj y^tXtO _/oLuo>l i-SLfii 'Voj v^j^qj i-Sljj OJuuLi 

.Juuob 1 _5\jO t-S iqj t_Sl ciSLljuli L ^^jjjljj Ij Pjg ) Ob & ^ svSuuI 'iQjQ vjv^il^ Ij t ^S2JLb-Xjj> f*^!^ »" ijvjJtjjO i_S 'IjSj <^ju_)iij* 

t <&jS\ & /aLua>l L 3 )ljuL_ujl t ^a9| /aLuuo-l Ij ( _5\sJLoJjJ> qJo-uj iSlib oj^c, j| (_s| q_cqjOJ*jO L OJljJj i-fij^gj />Luul>I* 

.Juuob ( _5\jO 

Ij gJoLfiJuO jk*C £\Liol L l _5\sJLoJjJ?: v_SLj 3 l _5\sJLo-\JJ> btjqJb Ij qj-juuu- l _5vSLLo Jjj> jjja <Sj L ^Jojujuo Jijjj jJi>* 

/vjjii jjjjj^jjZ ouLpj ^ Li Ij ol £\Lisl jl ^_SLj jSl-jLjiiLi 180>ol v^Jb^b i^Ugj ^ oo^: v-^fco issaJLo jus? 

O.ijj^j jljS ul J>b ji,cdaiij 3^ J-^lg Ja> Ojlj-i_>j^j jl_>9 ul >Sj J-ol$ jqis cu ^jvsJLs-U^ 

.JuujL (- L+)Cjuo\1£: pJb £,\Lol i_S ao^i V^^L^jL? - 
A£>lqitj gJo9 Ij iSjjjO gJLo 3^ jl vjiuuj L^juuyqj. 




b l _5\sJL^JJ^> Qj ulgj,,^ lj jssua l _5\sLoJJ^> — .Jul OJlOcjj jStsua ,_jySiLaJuS>r ^gJojjj O^jZ ^ iSLgjoJJjgSJI 

jSlslo.^j^ fiuj-ujJu \S*>\jS$ 3 tSjIijJ \S[$-uJ$j jl O^LaJLujI 



.JaJbXl CjLflj-tjJ CjlCLul) l_SLfi> QjjSLC fjjj^j^. l_9\J_> 



Jjj^Lu Cj-jjl/JU lj vJN>jl> Vj./ol.iol> Ijujl 




0 J9J0 b £\<Lol b uLii^ pJb ^La\, l _jJ^jju iJSlgJai* b ^jvsJLoJul^: •JL> ,j\jLsj)jujta v_Sjl_>Su oLaiito gJol^jO b (jiAi^jNX) 

.ig-iii^jus JjMJol Jujb t jjj\ w ) 3 jl _jJuo^ ciS l _5\_<jLi9jj Cjljjj_>^S eg -Z.iQjii^jvjO (_9\Liol (.JuuL^ JuJqj 

fiuj-ujjij Lpjdjuo jl i_Sl clcqjOJejO <3j uIqj^.^ lj ygfijo g uJjejO l _5\sJLioJijj?:* 

JqljJjo pJjj(£J\ ^,jSUO jjlC U*«JfaU J JlC vS OJLfild 3 (ojJ>3j OJlcIs b i_>9 -£;9j 6JLcls)£$j>ij3 OJLCld 4- 

.Jul ^JsUuUUO Jijii <Sj i^Ugjj ^j^-lgj ^.-a- nii'i <-Sl_u 

OljujI J>b qJaiD JljJjIj ij3 gJolaio £.\Lisl iljjzj jSllggj-ijjj OJLfild 

Cj-uA £jb> cdfliij -4 Jljul/L ^3j 

/>Luo>l CjUjjJuo i_Sl_>j 3 CjljuuI iji-^Sj OJlcU jl jl jJjjju. kjUoajl OJicli ,jjI )SuO jjlC oopuu iJLG OJLCld 4- 
■■^Sj l^ 0 ^ (_sJ^J obJLoX cjjjjjq qj ^ |q ,,,n ^qlo 11) 9 qjl^jj^s- v_sLdij_jjO b OJljul/ <~£j_>S2j 

i_Sql> cuSLouo JsA> vjJ.OI I'^sl 1 0-^9-0 "'"''■^S I lo^9Jj+£.M^I+(<^9j)<^9= ( _5\^JuLfi> JsJl>» 

(jljJjL j_u OLojCka v5l£> eUlj^S 3 gjLb lSIjj <V<)Ij <—Uj*0 

gJLo LpjjLLiojijj> cu ^jyLdj^ OjLi/l £\Liol JsJi> _>^I-5jljul/Ij cu^iib ^_>i_<juuo gJLo J3Ijl^ ^jvsJLojul^ 

.JuujL cujiib ^jnszJLo jj^> cu s>jujy ^ OjLiil Mjlajuc^^jvsJLo jjj> OjLiil L ojljuo <*&>\jjo 

AX+BY+CZ+D<0 Ouuu^ = ,J>'l^ = (j r uuuM .OljujI /xjuo> 3j ^^szJLojjj?: cl>3 jl (.^jjoltjjjjiju 

AX+BY+CZ+D>0 ^|=(^j^)u3j^ = ,j r uuixh; kj^'j-o L> ^s^v >-9 >b:o-«-^w 

N=(A,B,C).cjljuliI ol o^"^ j' JLo^j jI^>j ^j-p->* 

N.P=-D Id^t^s cJilao * 

.Jul ^jNX) Cjljjl/Jj kljJLiijoN-2,jLjuLiL OJuuQj J >Su t SV-juliI ) gm ft ClS Jo_jjJli ^1 L ^/jliIj N i-Sl,U* 

.^9^ ^jud J^b> v _5vszJL^> J Lp_=> N/2-1, N^^j^j L ^Ij N ijsljj* 




(jjl L^^juJUO 1 jjl)Ij <-Su 




.iqjii^.^ JuJqj ijjtjo t ^gJLojuj> <-5u GL-POLYGON oub L 
(N=6).^9^jj^o jjgj , Ubuo vxc oJLo 9 i GL-TRIANGLES c,ub L 
i9^^o jJqJ J^ix> cJLo 4 GL-TRIANGLE-STRIP c,ub b 
jjqj J^luo oJLuo 4 GL-TRIANGLE-FAN oub b 



.-uS^jvjo -xJgj ^jvsJLb 4 Lo ^^aJLbS GL-QUADS oub L 



ojljjl,L^jj U juu_pLo qj Ojl^l,JjjaSLu-<^iljl _>SLii ijsbii^ljb qlco? jl)<-^jj jj^b"> jl v^JLumSLu culjl <-5Li:Pixmap 

(..i^iSLi j\j3 <Sjj CjlSj 0jl_>9 ( _5^juuuLoJ cu^b Ojljjl 3 Cjl^QjO, 1 jjuu_>jIjO 

.cu U i>S yg-ujuup JuuoSLu cu juU Ij ojuuJ oib jl>9 uiuu jl *JLij LiT=ldO=Bitmap=mask 

glDrawPixels(width,height,dataformat,datatype,pixmap) it^sLuoiu vjJuJLi «J5$Dl 

OgJLjuu Ojljul 

ojljJl GL-BLUE 

GL-RGB M Z^f dataformat 
(jui > -,.,9V jl />Lua>l (j&c)usLaa i^jLuu o^i ^Ijj)GL-DEPTH-COMPONENT 
(cu=«^ ^I^j i^j^o usbagUl i^jLuu o^i <j>Ijj) GL-STENCIL-INDEX 




.juuob bitblt(bit-block-transfer) Jbiijl, v-SjIjSl cjus^uu ojq^ qj ^gJb Jlftjul,ojljJ9i 

vJ^° jl^ «V pixblt ^\LLz5l,<^9Jb Jlsiijl v_Sb> qj 0^1 jJJULS>r /sJLjuulsjuli _p* 

pAs=[&jjS\ J \S jl isl qxgjcotx) jl ^jJS i-SLsjuli 3 £_)Jo* 

b^LigS ,jjI IoqjoX.JuI ^La\ i5bi cUjuuqJ i_sLpJLil _p i_Sjl_X^ qJaiij />J\lc b <Ss?.$5 i^LpJai* ^Ijb: J^^b-l^OuQ^/dS 

B lotUS Jio .X>9-jjj ^jvjO OibiijuLiI iSOU^Js iSb^gJb ji-Jiiijua£l ^blgi* 

Homa .cjljjjI v^-^bjo oboS isLpj J-xSLob g ovi i^-juul^u t_sl i^ -.juI ^^Luub-iii Jj Is jjjj>\j'.^jjj^j-uj Ogju -2 

.Jul jujli i^b^ iSljbl^LaS <-ii 

^JbJfljLjujuo i_Sl qjljl (JVS^S-i >(^bijO jl l _5\jq5JI = iJ5_jjLjuL)lj Ou99 =c UjjL/l£Li Guj Cjuq3= vJ^xjj ijioiij OugS 

.ijli jbj ^_>jljijul<j iSjLuj 0_jj3-i lSLoS CU vJvjijj i_A>-aj CjugSicL^-qj 
b^jjjtijo <*si]aS+pijjiLLjujja i_slgja> cia]a9=i_sl cu^-io Ou99= l _5Ja> ug_>j OugS 

c l _5\_iJLi-cisiJa9=jb3-LjLi= <-5b \S\^ixjzjjjj 

: l jiuubsJ Cjuuu_>^S iJ5jlj^job g J^li* t-Sl>J 

glNewList(listID,listMode); 




glEndListQ; 



glCallList(listlD) 



! 1 jjuuLoJ Cjljuj_)^S i_Sl_p?l i_Sljj 



Loj 

_>SLii v^L^_)jjoljlj + Lpj5^3 vJ^^S .^bijO jl iJvjjjli>^S = (cJI> (JjyujLo)cJL> /IJLmJUuuI* 

Aj >9 i svlaS OASd^jO Jjuo ^Sbi i_Sbi_)jjoljb jl l _5\ J Ja»j+ l _50rg_p>- iSlftb-uo l _5\5jjg:(CjJb> jjuoljU)CjJL> >a&«-0 
q i>.iO i^Sj jgj ol_>jl+_>9lj /xj,>9 i_Sl_>j vjUsjS Cj_is9gjO+Jj.i + Jjuo ^^jlu^Lo _>^Lc+ ( _5\l29 l jjuu_ ) jIjO Ajo+<SJj+j3\j 

L^jl i_Sljj i^JuJl> jljiiLo vjOLoj U ^^isj.Jjjb ^jJ>*£> _,jiliLo, cJb> iSbikjjuoljU; o^baJ:eu>gj 

.JuuLo l JU5 iJvSb jl-i^ 

jl O^Lq.i.ujI b Iq)LuuO 3 igjii 1 j\jo 0_>jj>i CjJb> j*SXd Ojg^ <\j \S^M9 >! i bijO, l _5\5Li9l^ lSLpjOuLmjl»_mj jl v-Sjbjjuu ji* 
uigjuo i ijI jl Agj ^.5^0 jjiib ^LaLjujO iSgj JaiiS cJb> jj&Lo jljiiLo _>j_iSJ..igjii ^.5^3 -XjJgj »_sOLsjS l^>J3 X^bLo 

.JuLjuuL OJljuO k_fiJ_>2J 
.CjljujI kiij,LfiiljuuO v_S cus^i i_Sl_jj CL/L (.5^,3^3* 
■■^Sj l>^> _>l^ bi> Oib i3jLuLi s J^jb^ v-Sbfci^jl^ _p IfJLi j Js-X>* 

i5l_)j uIj^jjo Ij ^.^g^bg^ v-Sb^SLij <*Jj£, 

.ijgl ig>g _>jjL^ 

^sujsu yj£>\s> JuoLuuu v_S cijjoli g <-Sj>jl gjjgj b l _5\juuLJoLaog_>iSJI g r juuiSjuuu Ojg^ eg ulgj^.^ Ij dL)j,i^£jjj3 jioii jl* 

(.Cjljjl/I ^jlon jjj i-iij jl b> (_S^l^il oL^3g.iO>)^_>$ 

.^jvjLoj i_S Ojgi l _s\JLg_> OJljuli gJoLuj i— S '"i iJ I j IjlOjO (j?i,i>i i.iiIOJLjwJ 

.3g_vjj l _svo O^bijLjuLiI jgj jl OJuuli OJaiLujuo k _s\Sjui_iuji3-j3 > .6.»..r>gj >-S I_>j I *_SVf LuuJ£j 

jl5 cu uLi/g^ i-Sl&luuO v_Sl_>j >Sj>j ^Ijiol JjjuS i_Sl_jj />jb^> _jjuoljb ^1 Jjjg^ vJvjO RGBA kiij Ij v^JiSL)jb^> <-iij* 

(bJI).igj tjoj 

glIndex*(colorIndex) .ig^ ^jo qjljl v^ij ou^-^l Juo p oLr^ijuo* 

(OjjjI JjjulSLij Ojljul jl > _50»-> , >.i0 vj.jon)ojljjl+k^Lij=cdaiLi vjv^jjg 
^^uuLoJ <^LsjjL/+(ijb l j>^ijuuu vjorg>> olSLijjL/i i_sl£ijJbl9 cb)Lpj+viij=Ja> 

| m | < 1 i^cLax>=L^/ 

iSigjoX ^jJLuuiSLu i_Sb3>jlgj q?lo9 




|m|>l 3=L^ 

v j\jO -XjJgj vj^iiSl ^jvJLuaSLs! i-Sbijlgj QsiloS 




./xjjLoj 1 j\jO qiLsl (JVJ LgJsL>--Qj ul iSlpJLil <=U, Ja> kii jjiillo O^b OqJL> >JLpj iSljj* 

.CjljujI m vjijjjl; Li ,_5Ja> 
Pj (Ja> vJ3L^/=jJa9Xu9J i5 Ojjb pjj 3^ Gij5 qsLsl L q£ ijS Jo> qj 

.Jul ,_s\jO CjljuliJu 1 _sJLJaji ijulo Ja> qj v_slgjul 3^ 

v 6 .<Q i Ojljjl Oj c £jj\ vJVjiSJ OJljuli o5L>3_U. ^JLJa^juULO iSLfii qj jl O^LoJLjuliI 

/xjjLoJ 1 ju5 qi>Lol ( _5\JLJoijujuo qj vii />|jt^^ qj 3 /vj^-^ vjNO il-Xi-ol/ Ja> "-Slj-gJ 



^) JL^-I "3 JL^Jl -2 ^s^jls JUI-1 

3 J9J3 qj i_Sl qlzsli Ipjl q5 JjjoSLu 5 J9J3 cu vjvl^i Ojjj Ja> L ,jj^>: Ja> v jJa> vjiajLoJ tSljj 11111000<^LjjliIo* 

.ijb ijprs J_>ja5L<j 

■■^Sj iJ^° jl^ *W Ja> u^jLoJ »-Sl>J OXFFFF tjvjucx-b 1-S9SUI* 

^lIcljuli v-Slfi>j_)jO JaiiS),^!^- qj 1 jjjuIoJ ~3^SUI L Oi_>$ jy-Zoui-lgJiSLi vjv^Lij 1/ Ob^S ^i-IqJo-uj <J$j5 i_Sljj Idi vS^'MS jl* 

£.3^ (Y mod ny+l,x mod nx+l)^^!!! jl jiuu LoJ q^t^s _p (XP,YP) ^jJLuaSLu _p v^jj jIajLo* 

^Ul-qjljl vj>l^j9ijjL) 3 LijJajjj iljiaj i^jJjj qj nxsny qS 

^ ^Ijuuol ji.i3j ( _5\jo qj Lpjuiaju g Lfi> o ub,L(^jLgJLo-Xjj>r i_sl_>j J3I Jl»jo OjQj^s qj 

Ldi ^.5x^212) JJ^> i5l_u.iqjii ,_s\jO JLoxl CjuujIj «-*5>r jl i-Sj_>jO olaJoLaj jl jJb l _5JLuo5Lu g^blgjo qj qSJI, l jiuy9^ 
t s^gLg .\jj>r pM^iol jl t swaa; oUq^ L q5 iqjii i-S^ y9 vj^9\b JoLoj ^IjlSj qj ><tjuo qiSLouO, l jjLi9jj L oiuuQr! -Ia> gJoLfij 

.iqjjO 1 _5\jO Jj> jJSLjjuuo ^1 

JjjoSLvj qj JjuoSLu olqjLuo lj ol j3-b juujL ojuuJ iJijjsj i^Lij <Sj L qS vj>I qjj>Li j^joltSjjjo j^-^Jslui pjjj$£J\ 

qi-Lii qjojb- <^clj jj-jiiL ojuiii # vj^jj L \L9 vjOb-b vjsLpJLjuiSLo _>fl q5 igjii q>qj.ij5 jy iJ»jjjo qj ojuljuji u 

^L^JLuoIjJ. qjO^i <Sjj jl$ ^1 jl jj^J^ iJsljjiQjJJ OJljuUU qj L^JLjuul^ljj qj^j ^juLjjjl_i^ vji^l^ 3 vjna-juul5* j L 

.ijb ijJjl^ /aJajuob i-SLajj^o vj>ljj /sJujq^JI vjjj--^ jjjizj Jul OJljJJ Oib jljS jy tljj qj MjJ q^ 

qjLjuLib l j\JL>b kiij ki/ jl ,>i-juiAjJ />>jj^ viij /Vj^I9> vJNO q^ lj iJOtJojuJ I : ( _SO'5J0 v>S j^-^blsLul pjJj$SJ\ 

^Sjj^j lj ^.5^19^ vj> qjixfii IjjjI qS OjQj^s ^1 Qj.p+jS ,^x> o^LojljuliI (JjI jl (juuliL qjjiib ^ySjj qx>b ^jjj>)juuliIj 

L) 1 jjULvjjJ l jJL>b JoLiLi l-S qjO£> Oi_>$ vJ^J 0^L6.i-ujI JuuuCXfi) 8 L JJjjO>^-4 1_S Ojli_U. jl 1 jjULmjJ /Vjj^ vJU3 

.Ju^ ,_5^o jy <Sjj ijorgjo OjQ.zs qj i5i3j3 OahSqjO jl £.3>jii Ij iJ3JJjjOj3i-4 iJ> Ojbj^l jl OiLflJLAjul 

LoJ 



-40penGLo5 # -^sA^> Ju>. CjJL> Gij^ Jlsd _ 3 l j^jJ~ l _5\2JLo -lj^> Ch-'Sj i_sOly>ljS "2 gSJI <Jlj_>£j -1 

^l£_i2JLoJJj> 



oLjuLibtjO 3 Jo> i jjuuqj 1^ u ^tJq^jli ;Ouu iqSJI olnuubtjo l j_«u ^ igjJu 1 j\jO ibayl vjOloj £,\Lol ^Ijuuol OjUAS"* 

(JJLjjliI jSL -2 l _5\sJLoJlx>. ^^jOX-OljuoSI tJuUSj jl OiLflijuul "liul gf>j iJSljJ.Jul i<PT3 ^ ijMj3-l ftJLp Jo-> jOuuuL) >J /JuUjgSJI 

LuuUU Lol JuS 

jlJ^j ^l^jjJ3j-2cujjuLfii cubtjL^ u^-aj ~l-Aob jU^>l .p q - juj y9-' u^Loj <-S lju lA>sj s-^ openGLp 

./luulgitu l_>9 Ij GLUTcUjuu^J 

.Ju3j v J\jO jl^ iSl O^b /Ouljul) )J )^ JuuLuLLft jljLS OLuJU l3L3>ilou 1$ iS^jj-ftjj l-SLg> <3.juUUQj 
iSl ClL iS^fiiLIb OJljul) Oib l jjJulou l_SLdjLuuO. CjljuuI jJLjuulj 1-SLgjOJLjuJU-juJ Gi_>$ ^JVj&Sj AajI>9 JjJuJ _ l jiuu9 r / ClSLil Jjjb 

cUgjoJ jl OJuJu ,jul Jujb 

:«3l «d* >5>lb 4>*j jl 
(cjljujI coLuu l _5\jii3j) /xuiju l jiuuLoJ i3jj\IL iSpju. i^jiSLflj L Ij cL-jiil -1 

:tuSLi)i^ jlgjojfc Luuo iSl^jjjO Jgis p IgJLuoSuU OJUuJ vJ^Laa L Ij Lfr qJ -2 

( .Jul J-ijoSLiJ <-SljJ OJljjJ 2 jl {JjJuJ 1 jjuuLoJ cu 

(CjuuliI CjUUjIjJUUj 1 _5\jjlI3j)CjljjliI CUQjOJ £jj l jjUuljSl "3 

jJo9 - ) l _503_)o5JI ^Isljuj (_5\j>> vjvJL> ulSLo ^iaSj Ll t ^JLuoSi-i-i iSJuujli) ) l _jluLoJ ulSLo Oib CjLgj-tjj -4 

(/Xjuul> CLjuoJuji L c tlojlj (/xj-dli ( _5\jO CjLflj-^u 1 _5JLuji5L<j 

( lijuLig^ 3 jli Oj3 i-S cL)3j-OjjliI jli Oj3 ( _5\JLuulSL<j vijjjLo JLxcl ^LuOjO-Ojul/I mjLl9^ (jjjgjju^j^ ^jvSL^) -6 

L^Sjj J3.l1> jl Oila^jujl -7 

gjjlij \—iuSjj fjjju^-uj 3 q^uLjujuo jl ( _5\JLjuliSL>j jj 'j g^olgjo LpjJLjjLi iJ5 CLtjijLiL>jO />jJjLjuuuo ^jNXjgjoX i_AJ3j)>i ijJ-^ -V 

(■CjLJUjLgJLuoSLtJ OJuuJ 03j3 I CjljulIJJ V_Sl_>J 

i_50r lo mj ciS Jul vjNiljgj v-SLfii ciSJ ciSLL JuuLijajJ i^i>9S CjuLpu ^jvjJoLj JoLftj OJljOj Oili 1 jojuLou l _50Luo5L<u gjJo Igjo ! cL>gj 

.JuuLuJo, (_svjo Ij (jijuLoJ qj»6.<o jl (.jsALuuo 

.Jul^jVjO Ca_vjj3 CU JUj ^jVjO^jjJ ClS i_S^JlS2juO JoLftj jl OJljulI oLcMJpl f l-S CUQjOU lJ I Ll * 

Lou 

glColor* .jj^ I, RGBA L RGB^, > 

glEnable(GL-BLEND) .jj^ ^ Jlas Ij e ljjLol > 

L p\Ual J lSI 



glPolygonMode(face,displaymode) 

\. igjii Oib oLjJu gJLo JojiS L ^/juIj Ojg^ <3j cl>3 /jIj^ 



Cjl£_> ji) GL"CW L (CjlCLulI i_Sl& QjjJLC ,JjjS>y>;. Cjl£_> i_9\l>) GI_-CCWOj9^ Oj (jjuuUUJ vJJjgjj <^JuJ}i ^ 

gIFrontFace .uS 



R= 



P=T(tx,t y ) .p 



1 0 
= 01 
1 0 0 1 



1 0 

(jjuc^Lslo JLojul T 1= 0 1 



0 0 1 



T(t 2 x,t 2 y) . T(tlx,tly) =T( tl X + t2x , tly+ t 2 y) 



gJO^T ^^Iqio JIojuI q^! k-jt$ uO v_S_V2jg.i Jla-jl 1 jjuu_jjLo 



p=R( ).p 



0 0 



0 

0 . 

1 1 



LiSiZjtptjO i_Sjlqjo 



0 
0 

0 1 



p=R(0 + 0 ) .p 



R _i =R' 



.ig^i; ^j\jO OilaijuLiI JlfljJl jl gjogj ulj9^ v-Sl^jIolqidi i5\JqJ - qlooi iSAa/gi uljgi 

T(x r ,y r ).R( ). T(-x r ,-y r )=R(x r ,y r , ) 

ljuuo Oj JlaJjl ». ljuuo Jg> Ciljgi ». \JgJ qlooi /xjujl> JLaJul 



P=S(Sx,S y ). P 

0 0 

= 0 0 . 

1 0 0 1 i 



s- x = 



-00 

0-0 
0 0 1 



.Jj_>jjiJ 1_/Jya0 l j\J LoJl5 q^! ^-j^ >jQ i_S-X2J3.i ( _5VJ LoJlS 1 jjJU_>jIjO 



S(S2 X/ S2y).S(Slx, Sly) -S(Sl x .S2x,Sly.S2y) 



T(x f ,y f ).S(Sx,Sy). T(-x f ,-yf)=S(Xf,y f ,Sx,Sy) 

s cos 0 + s sin 0 (s — s ) 0 
R -1 ( ).S(Si,S 2 )R( )= ( s - s ) s cos 0 + s sin 0 0 

0 0 1 

.fij_s£ J9I lsL> 

.39_juj 1 j\jO JjJuJ £,\LaJI iSjlgio <3j l _jaj_jJfl9 ^IjluoI i_S.X>l3 gJ.>o l _5\j jjj 

.JuiiLi jjjy (yi/gsJ cuSuOuO L^juojjjLo vj-^JL^b* Mi.M2=£ M2.M1 4- 
( l _5Jlgjuo l jy Loui^ 3^ L l _5Jlgjuo Jla_ijl 3^ L) l _5\Jl9juo Olj3i 3^ ijvJisj CjljujI _>j-Xj l yaj9aj,Jj-l_u i_sLp_»jju_>jLo v_. >_>*o 4- 

.igj Ji^lgj* oLuoSu vjvjLpj O-iaSgjO 3./xajS)3 >obtjl sjjJ>) <->-/ /xj-ilgj lj 



^^njoJ jjj^j JjJuj L J^IgS 3 Usj 



1 _jjuu_>jIjo; c L>9j 

.JjjgS ,^jo iJlojjgJ^I jli_>J lj Juolaijo ^^uu^lo , ,^j£Lijj jl.i>J 3-i b (fyx/fyy) 3 (r X x/rxy) 1 -S_ ) Ja-AAJ jli^j 3i|cL>9j 

l* 2 XX+l* 2 xy=r 2 yx+r 2 yy =1 ! i_S^SJ Jjjli 1-S-X>l3 J9J0 JljO_jj()Jj3l j\^jJ jjb 

(Cjljjl/I Ol l _5\JL>li <^Jj^Aj£>\j>) iJljJuol&uO jjj lfi>jb_jj 

Rxx-ryx+r X y.ryy = 0 

r tr 1 

.igji/ l jus JjJuj X j^^jO i-Ssj Jols v-Sjli>J <\j r r tr . =0 

0 0 1 1 

r tr o 

.igjii ^jvjo JjJuJ y j^^to i_S3j v-Sjli>j cu r r tr . =1 

0 0 1 1 

- 0 1 

0 . - =0 :Uio 
0 0 11 1 

jl O^LaJLjujI L ul(p v j\jO lj Olj3^ eg )o$jy> oLhujI^^,->-jjjIj ^i>9^ Olj3^ CL13 1 _> ^loj.Jjl ^S> CjLJjjJj ijOljSi 
^jyjjiij v_sUa>,iL/j vjO^i iSLpjol^ jl -la? ,jjI itprs L/.ili l jiafi>l^ ij^j^j^jjS 3 lJ jli()jljuul<-uli gjlgj jl Jql c Lu >jq iSLpjj_jjij 

.39_»Jj cUjiiLjl v-SiLij jl-XiLo eg JulgJ ^.5^ 

■ JuLiUuA t^Syil^ cubtjL^ ijljuLjuul »_S Lfii CLttJgjO iSvlouhSjjj 9 Ol Jliijijl Gcp* ^LajO oMjJuj 

.ib Jjijuuu ,>SL/i oMjJuj L iSSJjLouhSjjJ 3 ulj£^,Ul&jijl jl 1 _5\juuu_>jIjO i_Slpj_)jJo Oj9^5 eg ulgj ^.5^0 lj ^Sjjo oMjJuj 

(180° ulj3i).Afiii /Xjuul> <-1j jl v-Sl cujI kS^^u eC? v jdjJL ! j:tSJLlV $i jjjjISLsjI 

(y = 0)l&X jg^jO Cjul-mJU L jjjlSLsLil Jj-ljJ ^jjUU^Lo 4- 

(x=0)lfi>y j9^to CjuljuoJ ^^jLilSLszjl Jj-i-j ^^uu^jLo 

R(180)= ljuuo Oj >1ju^mju ^^liail JjJuj 1 jjUU_jjIjO 4- 



1 


0 0 


0 


-1 0 


0 


0 1 


-1 


0 0 


0 


1 0 


0 


0 1 


-1 


0 0 


0 


-1 0 


0 


0 1 






0 


1 0 


1 


0 0 


0 


0 1 



olcLuj isLa> cu > i-c cjl£> *_9\1_> p 45 v jol J 3iR(45) y=-x qj ou^uoj ^Kail JjJuj U juu_>jLo i- 
0-10 
-10 0 
0 0 1 



.ili ,/obtjl 0I9J l jjLiLSLs2jl-ulj3i- JLfljul oMjjjj L Ij y=rnx+b Ja> cu CjuljuoJ 1 _jjliISLsl)I 

.JuULlL HjULlli "l3 + l jl j_tC 1-SjJ.ilfljO -Ul()J ^J^O fJJj 

. ijj (_5\j0 jJjS-i l jjL/Kail jtpto jl Ij i_Sl cLul jj^-aj CjljjjI 1< ul Jjllonj-XS ^.5^^ 
. ,_s\jO jJiSuijj l jjLiKail j<pto cu Ij i_S I cLul jJ.9^ OljujI 1> ul ^llonj-XS l _5\jjuliajl jJuoljL- 
.ijsl Cjljjl/Jj X^ls^z) »_s0lj9i Oj9^ co ultp ^jvo Ij XY i_S c|j»q.<o jj jg-O-g 1 uuKaj l j<P*-o~ 

i_S3j l jOL>li i_sLdi cu\l jl l jyj^_>j Oj^jZ) cu cu9lj Jj-Jlu Jijii ^ -L>5 <Jijjj*j v_sl qj Ij /Xjuul> Jijii ciS ^_sv_L _X_o 

.Juujjj jJoj cu OJujal 

.CjuuliI (Jlfijkjl U JiLlO IJjXxilS SJ> uO t-SLpJa> CO Cjul-mJU /X_juJU> gjJslgjO CjLflj-tjJ 

1 sh 0 

0 10 IjJj Jj-ljJ 1 jjuu_jjLo Ij l&XjtptX) Oj Cjuljuju Oi£_> -X l jiuuuo$ 

0 0 1 
X'=x+ /i . Y=y 

246^.0^^1 /j^jo 23-SJSLjul/ 



1 sh -L 

0 1 0 x'=x+sh x (y- ), y'=y 

0 0 1 



/v£jo 24-5JSLul/ 
x = x re f Ja> qj Cjuljuju ol^> -y ,JJj^jlS 

10 0 

sh 1 - h . x=x y'=y+shy(x-x re f) 

0 0 1 

.oljuuI /)>^jo 25-5 l jSLjjj 

,_S\jO 1 _/jo5Lc_jj Ij coljl jJajjj jA 1 _sJLuoSL»j jjiLttjO v^jj l-^l =OlcLjli <_sLd> cbjjLc Oi0_> i_9\1_> ^Srji 90ulj3i 

369 321 123 
2 5 8 < 6 5 4 < 4 5 6 

147 987 789 



IjojI =<i>jil80olj 9 i 



9 8 7 
6 5 4 «- 

3 2 1 



3 2 1 
6 5 4 +. 

9 8 7 



12 3 
4 5 6 
7 8 9 



. l_S^jO-g_juU oLai>,0 yOuLjuUL^jULl ~ ✓> i I 



^OuljuJUljmJ j3 



.CjljujI i_SASLj 3 ( _5^jjUU_)jIjO ^JvjjjJuuS) JjJuJ^ -XSZJS^ (.5^3 "'I 4*4 ( _5^juUU_jJ Lo l _5\jujJuLfi> Jj-IjJ jjb, -X2J c LjuU 



iolgisJi i_Sj(pfco Jgj> Olj3i v_Sl_>j JjJuj 1 jjuj_>jIjO* 



R( )=T 1 .R 1 X ( ) .R'V ).Rz( )■ Ry( )■ Rx( ).T 



t SuuulSLgjl qjtjLzi <3j Cj^-ujJ L l j^jjjl5Lszjl )QJejo Caj-mju ulgj ,_5\jo lj i_SA2j Q-uj i_sLa9 ^LSLssjl IvSJLft; e L**» ijjJ ISlSJ I 
i_>S[jLjjLilj ol.cii>fi /xjLjuaj-ijj 

y 



CjuuuUU fjjj 
< 




xy qjta^ 



M 



zreflect - 



10 0 0 
0 10 0 
0 0-10 
0 0 0 1 



X — axxX+9xyX+9xz+b x 

y'=ayxX+ayyX+a y z+by 



z=azxX+a Z yX+azz+bz 



^jsjLpJa^- <3j v_Sjlgjo iSlp lo> ciS JuuLuu-ft ^jvjO^jixC Caa^51> ,jjI i_Sl_jl^ L L i_SJi2j cLjuu,l5A2j3^ v_slfi>La9 ■ 

.Ju9_»Jj ^jvjO JjJuj l _5^iLuuo ^jJoLftj <3j 1 _5\jSLuuo Jolftj 3 iSjlgjO 
oL^aiito i..o.i..r)gj JjJLU+ l jiuuk^+ l jjLil5Lszjl+ l _5y Ij0uk$jjj+Glj3i+Jliijjl ■ 
(■JuuLija.fi) 1 >j>9I vjOMjJuJ L- 5^juj V»rh oMj Jul;). JuuLuafi) (jjMsl JjJuj jl LpJ Luo CjljujI _>15lO oLgtlito 



(.igjuLi ^jvjO O^I.o.'LujI ^jyLoJ Lq^ i_Slfi> cijob_jj i_sl_jj ulj3i+ JLajul).0_ujl J l.o.i.) I 
lj iSjl^jo i_sLg_lo> jjj s IgJq^LJsj JlaIiIj eu9j jIS qj jjjjISL&jI 9 OIj3^ 9 dlfijul JaiiS ul ciS vj^jil JjAjj ■ 
(ijb l _5usJ ciSLi Jog-Qjsjs lj i_SjlqjO v-SLjJa> jjj 3 LpJgJo^lsj jjj 3 l £juuul^ g9ls ji).ijb <*SLi Is^a^ejO 

^JLc l^^uuuplo OpenGL 

vjOloj 0^3 cu 0_jujI ij^juaj^iLo-iSjlSjjjL/i gjlgj jl Oilaijujl jl jjljb' <Uj*U-<j*Jj\*jJ gjlgj jl Oilfii-juul* 

L*il HUL-S2J t |J-LL> 

lj ol-HULibejO, SJ^jjO 1 jjuu_jjLo JLoxl L l_jjj CjljuuI vjyljl^ iSJuuJqjOjS, ( _5^juuu_jj Lo Ojg^ CU ^jv-mu J_Loi LoJ* 
iS-XgJ Q-juU L t3-Xgjq^ CiMjJuJ jl p\}£> _>fi> Lo^JOX L /)Lcil i3Jl>Is l_h£>0 i/aJUjJIo Qj ulqj lj oMjJuJ cJLyi* 

LoJ 4*4 

.CjljuliI 1 = 1 jjUuL"*j i^jUjjuO ^.^juuJuLii oMjJuj i_Sl_>J* 

.ij5 O^LoJLjuliI CjLpj> j^l 1 juxjuo> Oi_>^ l jjLiLfijO i-SljJ 0I9J 1 j\j0 lj l jvjLoui$jjj+Olj3i* 

.ij$ OiLaijjL/l isdLuaSuu iSl£> v-SSjJ o^Luu . <^juj±& cAI/Ajj jl ^^iaszj ,/obejl i5I>j lSjjumjIj oLJLox jl* 

qj>ji 90 v-> 1^x0 t-SLpjl ig^> q l^juLillgjl f LpJLflIjl yobtjl i^ljj 0I9J 1 j\jO iSjXj*>\j 0UL0X jl iSJLA/fp i-Sbii <\jabjj i_Sl_>j* 

jjj lj_i_5\jLoJ^jjj 3 iSjjjjjIj t ^jOQjO-C <-SLgjjj3^ 0I9J i^ljuoju L5lg_>Ajjljjj L .^i5 O^LoJLajliI 



oljflj +JLiijul +, svjloJ iSj.jj i3i.>9 o\LjuJ= OPENGL i^Lso cubtjl^^ 



JjJuj O^s' OJljjJ (^Ig^-ljS JjJl<j ^j^-Q.igjJJ ( _5\j0 v_- i^£> JUi UjLO ^^uyjjLo ji Ouuulj vIjuo^uli jl l _5^juuUjjLo £jU j^i* 

(.CjjjjI dLa^sio g^ol^jo i-S3jJ OJljuJ JLxcl i-SljJ 

.Jljuli JLfiilg^- JLoxl Juqjii^.^ <~£jjSJ I-X2J ciS ^.^Luuu^l Oj, JjAjJ i5LgjuuyjjLo* 

l jjjUjjLo L l _50Lo^> l jjjUjjLo Lj i_S3Lujuo lj l _jjLUjjLo (jjl JjL/, Ju J~iJ Jlo l jjjUjjLo OmjJuu jl i3l cULyi (jjLjjLiLjl iSljj* 

.i_>$ i_J_>^0 ul^j tjuD iSj^j^ i_S OJuiii ^-a- »<if) 1 jjuu_ > jIjO lj JU^-U JLO ^jjlo* 

.Jii$ ,.5^3 i3jlj^lj oMjJuj 0<£b<£ £.1^1 iSljj ctuuUJ jl^> Open GL 3 Jjgjii ^jvjO 0jjJ>i ciijJuy LpjjuUjjLo PjO^i* 

^ qjLj.Juu , ijox jjS\jo L , svlsz9 <*j^iu ^5 o JjjI "-s'^f OpenGL ji(glGet Integerv) ^j^oMjzljuliI gjb jl* 

u 

(glPopMatrix)ol ujoj^jLo vj-b- -2 (glPushMatrix^i 

^Iji vj^jUc q -?)-^ vbeijl lj (g^JI s CA9L- l >jiiAl>3j ; !-jL/i-Jjuo)juo jL^> jl /jlj^j^i Asjlgj gIMatrixMode gjb L* 

^jjLo 

L^^^^^^— ^^^^^^^ 



cu>b vif). igjuLi ( _5\jO 

(■CjljujI CUjt^3 

/)LuUL>l).i9ji) J_>ij5 i3>lji i3 0_>=tjg jl OiLdijuul L, (jjuuLoj vS Opuy j3-b _p eLjiil Oib jl_>9:JLii v5 <V?y,P 

(.Jyi Ij ul 

i_sLd>jqjtjO iSjlgjO L>c\Lbl L vJ^sj ijljuLjujI g^slqjo ^L^JjJsUjuULO/Ju^ i-Slfii t^ejji 3 iSLdi 0y*±>. ^i^ASUi* 

oLaiitjo 

_/o_jJLjuuuo LgiSLuJ ,jjI v jJs CjuujI 3 ^.svjOqjxC ^.svsJLo JJs>,X>^ i-SLfii cLsejji 3 i_A»,>J v-Sld> OjSsLu Ld>i_>jl5 jl (^.aCLttJ ji* 

.JuuLuJU^ l jjJjli^ l_Sl_>_» l_Siljj oLoj 

cSlj^j vjJs ( ( _5\jLpj>-= Jji)oLjjL/l vjOLpJ* oLaiito /xa-.juu_uli uLoji> lSJLaj<)^ v-SLfiii^jL^ i_Sl_>j Jui oLaiitjO 

^OuLJUULlJULf 



JjJuj=/VAjob ^jvjO vS-VA^i Jlp JjJuJ oLlijuLii oLaiitx> Ij vSASJgi iSOlgdr oLaiitx> i_S cu=t^5 k_aj^qj O 

JLO v5 e Usuji oLaiito <3j (j*»jJ O^fScJ^ oLaiitx> jl JjJuj=i5Juu OjStiJ JjJuJ=JL)i qj OjSZjJ 

.5j£ /jLc^I JjJuJ ^mju^jLo i^Su j3 juuLjjLLa oLa^sio oLi<_uj3 jl J.p-.-ujuo Ij lSju^ <w>LJLox 3 

Jui oMjJuj -1 ^ 

0_>=tjM OjjjJuo _ 4>ji Ldi 6jl^ i_>jjl$.-Uijuuui> jbj3>_>j ^^jjuLujI CajjO^iI jl \jujJ \S\& Oj\^jJ i3l <=U L I j >S+3\ J % ji* 

i_sLd> uljuuu-3 



MC 




oLoj^qj CjLjuoitj, ( _50r3_>> oLSjjjji oLo3jJLo jl Jji -±jj]j9 <J$j5 k Jji±jujuo iS\jJ* 
Li - 1 Ij 9 1 UO OjjJLo_jj obiOVaiX) /x^juuu-j^J <-SI_>j c Ujoli)./)jjljoJ ^jvjO JLoxl Ij i_Aj.>j v-SLgJL>J3j 1 jjul^jul/ 0i_>^ Jj-i-jj ^jj-JLo_>j 

(OljuuI +1 

1 jjUU_jjIjO JLoxl -l^^^Lp^f^ Jji)iQjjLl ^JVjO l _gjJojuO (_50Lg^> oL^aiitO /XjljuJU-juJ _jJ ClJL>_jjO 3^ Jji ClL^uiEjO /)uljuUL>jjlI* 

I i-SL&jgjtjO (jUojl t_Slj_i R Oljsi U juu > jLo JLoxl -Z^L^- oLaiito qj Jji IjiajO Oi^j t_Slj_» T JLaJul 



.Ca_ujI 1 U 0 Jui i_S cisejji oLaiito cJb» ,jjI i_S cLsejji < Oj^J oMjJuJ=Oi_>^ OjJlo^.JuL&i^jvjO 

\j ijij^Lssjl ^s.^jb^jvjo ci^j ib^A^o lj j*-ujs> ,_sy_uju usLpjLSLo ):oj>Jlojj jlo «o o^jJ ^ l^i 

Julgj ^j^o 2sl i_S clL>_jjO vJ>l>!cuSLi)Jlftij| JjoX -2 /xjj^ ,_s\jO l jjLiLfljO Jui i_S ci^tiji i_S Ojljul cu lj tjlijJ 0_>5tAj -1 

(^.SvjloJi^jjJ 1 _jjUL*jjlI Jlojjl 1J3 1 vJ^iSZJ ig_<JLl tj£>$£- 

Mwindow,normviewp = = 



i^Luuuo Jui i_S c L>jji 3 vjaJ^J v-S O^Jtju i_S_>£>lJb \S[$l*-ujj )Sx— Sy ciS -\J9jJl/,_5\jO Jo&> ^^loj _/oLuul>I l _5yjuuu 

.^jjS L _s^o igj> cu ^jJoLuuujI L vjvioLiijI CjJI> 3^ L ld>Y,lfi>X Cjl£_> 1 _50>3_j3-,Oj9 j ^5 _>j_C ^(juOjIj 

.ijj jlS eu tU^Z) i-Sljj OlgJ ^jxx il_Xai <U lj JUi lS 3 U*»JJ «-5 OjJBj^* 

.JuugS ,_5U5 jjj lSjIS oISuLmJuI JjAjJ l s^15 \j OJuOJ L=«^J I vjor3>> oKijuJi <3j O_j0jI£u* 

v_Sld> cUjjju v_sI_>j iS^jIjuLljuliI i_sl£> afljgjo (o^_>?! £<-k»jjJ o^>?)vJ vS ^- s ^r( v - JLJU -'U v-SLpJa> OjL)Ja>,cdaiij tjjJjJ* 

.Jul ^vSyilj^ 

(c*_ujI JulSJjo JJuiL OJuOJ iSjLuoJjuO i_Sl 0_,i t-SlgjQJLjuuu-.jLi L jj$Lzu) .sSi&>2S lS cUslsj U*»jJ 
.Jul vi>g^ i_Sl 0_>5 L i_Sl 0_>jb, l j\jlji Oj9^ <3j l ^L^jbtflj|-i3i-cijO-Lfi>_>jl:iJ3Lfii cu=t^3 

Xw min <x< Xw m ax yw min <y< yw max 

I Jcl> 

! jl^ vjuliSj .ili l _jia£ll5 vJ^Mj oLjuLibto cu Jogj_jjO ^^Lijb^ jl J_i9 lSjjuuUjU kSl^J^O,)! >obtjl b 0I9J ^jua \j 

OjL 1 jjl/Ij cu -1 

JlS lj cuj>|jji5 l _5\^l$.cj^jjLil ^jiijj isLijjjo jl tjvSu L Jj>li qloQi <^ o^juuI ^1 _>Su iLj ojj ol 

jl O^jju cdaiLi vj^iszj 1 jl-iiLo l_>jj Jjjg^ ^.5^ jjj O^jjj 



.Ojjj 1 iSsLuuus Lo^uj Cjuu juOjL Xwmin>x> XWmax j^l 

v_jl^t Cjucxjuj JjoI5 jgJo cu Ja> OjL ^1, CjuujI l jli_>SL/i vjjliIj <S\jJ 0101 3 l j^jjjlj i_Sljj 1001cu>li_\5 i_Sljl^> vjJa^- OjL 

.OJuuLi kii Lpjl vJ>3i ^J^ : ?r Cuo-uj Guj Og^>r i>>^ vjNO jl_>9 \J^>y. <-S 0_>5tjj 

,_L>b )^ J-ol^ jgJo cu Ja> Ojti (false)juujLi 0000= L >Ja> OjL; u^lj 3^ vjo^lgj i5l^i-X$ >^g^'" Or iJ3 cijtjjj vj^s 



OjSsLu g )li> ) ^ JjoI5 jgJo <3j Ja> OjL JLjujL/llll= l _5\Jfl> OjL vjjjIj 3^ l _5\j>l()j v_Sld>-\5 { j r u l _5\iLlfljuo andi-S c is*jJj vJvjSs 

1oq9 Ui,U2 v-sLdi_>ijoljlj ojuol qj jAiGjp* cjljujI juJ_>jLjL/- l j^il5 pjjjc^N j\ ^juoIjl^: l _svSLjujjlj-v^LiLJ ♦♦♦ 

Ui,U2 ijyLpj x^LsLo qS ^jOloj 3 _,LSu JaiiS j_J OysL^i. L Ja> t>9\b 3 CjljjuI fi^KOJU JjxC />jli_uao 

jgJo <3j Jo> j^l ( _S\Jl> ijJa> i_S_ > j_juUUO ^Ijuuol lj ^jvSMj JoLoJ v_Sjl_>Su Ojg^ flj Jjlgj 1 _ S \ J o 3 Cjljjl/I PjujJJU JjOkC 

.JjiO ,_s*jo >obtjl iSjJu&S OLoyuuUJLi 9 4_iuUuIajD \JU /xijjgSJI 33 L ^UjjuLsLo _p "1 
/xyls-i ijvjo Ij JuJjjLjj- l j^5l^ 3 l jvijjLijlj-viiLJ 1$ vjJb* igjJJ 1 j\jo JLoxl iSXSU$$ \J±>y. <-Sl>J JaiiS -2 

Ja> 

jJqJ lsI 

Ij OJljuJ Oili (jiujj _>j. -gJajuo ciS vjOLoj -JuS tjvjo l _50r3.>> <jjJ^j jl Cjljjj_)^S vi/ Joii9:[jjo5Li£-JuJjjL| • 

Ij j A AO bSl£> i^saLoJUJy JJI3J k _svo ,jjO^L&-JijJjjLjli /vJuj^SJI 3jS vjly^gj l>jJ9Jj jl >g3 V^J| L 0I9JJ 






A fy^x> 320 ^ 27.6.JSLjuli 



jJqJ i_SJulj i_S OJuLi^ i-SLp lo> OjL (jjO^SLfl)- JUJjjLuU /jJjj^SJI igjJu ^.5^ Oili [JjJjJ jSiSUO ^^SlLtS Jj^> 1$ 

: ojljJli oib tjli^j _>2iLo iSLfii l _5\sJLoJij^> gii^.io l jiuu 

i_jJj>jo 1 _s\jzLo JuLr> _>slqjO l _5\sJLo Jul?: -1 

.Ail? lAO^jJ. 

L jStAO ^jnjlLoJul^: qJq->jj C\j iJjJjJ i_sl_>j Julep ( _5\jO _ CjljujI l _ J \2JLo Jul-> iJjJjJ v_S _>j ^.jNjdqjOlC (jjjSj I (jJ_>jI"_)Jj3 • 

U-^Lo.i-uijI <-Sj_)jO 1 jjUuIojJ vJJL»3j jl'.igjJL) ,_j\jO O^laj-jujl ^J\<? I .iOJulJ> ,_5^jljJ_>J 0_ptjj CO CjuljuOJ l _5\sJLiO Jul-> jJ. £J-Lj_juJ 

.JulS 



.CjljujI i_*_jujLuo v-VrtjO— iJJtLoJLjiJy \J*JjJ v_SIj5j 

Jjol$ jgJo cu qjLiijj ul Jljul/L 1 jjJjJ v-S 0_>5tjJ Jj>b Ij3j cUjjygj qjLjujj i_S CLo^i _>Sl:gujS) U ^jOl£> \JjJ3 \J*J jJ 
( iJjJ^j O^y S^J-^ 3 O^J-* 0iLuj)»i9-»*' l^- 0 <-9-i-> "-Ij-jjjj Oj9j^o ^1 _llC igjjj l _5^o Oili l jajuLoj 
.igjJJ v ju5 ijjL> JLji/Li l jiajLoJ 0_>5tjj. j3-b JjoI^ jgJo <^ tSl <^juuugj : guS) U 4a£> 4_uJJj£) jjjJjV 

\JjJjj /vjJjgSJI L LpJa> OjL L OJljuJ i^aj_>s2j t ^Ja> Oq >j i_S I cLjuuugj iS[$Jj$3 {Jjj^J OJ^ J-^ "CjljujI ^^JLjuluj 
( _5\j > juuu Cjlx29qj0 <^juuuliLo L _jjJ LpJijj l joJLaj L OJljuj v-aj_>S2J 

.35_»Jj ^.5^3 Oili iJjJjJ, u^Jj-! c Ls>L' i-Sljjjj_>jO Ij <^juLuqj-<^5L4-jjJ v-SLdjqill v_Sil_jjiil 

CjljujI _/Xg_D 327 t yD V^LjjJLSljuJ 




